Symptoms of anthropogenic changes in the vascular plant flora include the spread of some species groups and the extinction of others. Also habitat condition changes (eutrophication, pollution etc.) and biodiversity loss (at a regional, national and even continental scale) should be mentioned. Numerous papers with rare plant species localities and endangered habitats have been published but the extinction processes and scale of this phenomenon in urban areas where environmental conservation is crucial, are not often analysed. The aim of the present study is to estimate species loss in the vascular plant flora of the town Strzelce Opolskie (Chełm, Silesian Upland) on the basis of the floristic literature and botanical surveys carried out from 2011 to 2013. A comparison has been made between the list of species reported up to 1945 and those species currently occurring in the study area. As a result, a list of 99 species included in the red list of plants of Opole and Silesian voivodeships is presented. Among this group, 45 species are not confirmed after 1945. Numerous extinct and endangered species are from families: Orchidaceae (8 species), Cyperaceae (7 species), Ranunculaceae (7 species) and Lamiaceae (6 species). Strongly represented are species associated with the communities of Festuco-Brometea and QuercoFagetea classes. From the species presented, 18 species are included in "Red List of Vascular Plants of Poland" (MIREK ET AL. 2006). It was found that the extinct species represent about 7% of Strzelce Opolskie vascular plant flora. It is a focus point for local authorities to protect botanically valuable areas. Actually, the only Miejski Park is under the conservator's protection and there are few individual trees protected due to their age or size.
Introduction
Analyses of extinction processes at the species level are a key issue to be examined by naturalists. Extinction is a natural process but in recent years it has increased rapidly as a result of human activities. Many native species are unable to fit into changing environments. They often show very high habitat specificity to particular biotic and abiotic elements of their environment. In the cultural landscape, urbanisation pressure is the main cause of species loss. As BRIGGS (2010) points, following the theory of natural selection, it is proposed that at each change in human land use, selection favours species having the highest Darwinian fitness (the so called winners) in that particular habitat, while other species of lesser fitness decline (the so called losers). At first, population size decreases, then the general number of localities becomes limited and at last species become extinct. This paper is an attempt to estimate the changes in the vascular plant flora of Strzelce Opolskie -a town located in Chełm, a mesoregion of the Silesian Upland (Southern Poland) (KONDRACKI, 1988) . Up to 1945, the major contribution to the floristic studies of this area were made by Germans. Among the botanists who worked on the local flora are WIMMER & GRABOWSKI (1827 , 1829 , WIMMER (1857) , STENZEL (1876) , FIEK (1881) , SCHUBE (1903 SCHUBE ( , 1904 SCHUBE ( , 1911 SCHUBE ( -1925 , SCHALOW (1931 SCHALOW ( , 1932 . After The Second World War numerous papers with rare species localities were published (MICHALAK, 1963 (MICHALAK, , 1976 (MICHALAK, , 1981a 1962; MĄDALSKI SENDEK, 1965 SENDEK, , 1971 SENDEK, , 1989 SZOTKOWSKi, 1969; CELIŃSKI ET AL., 1974; CIACIURA & KOWAL, 1964) . A notable monograph on the flora of the northern part of the Silesian Upland was published in 1974 by KOBIERSKI. In spite of numerous localities of rare and endangered species being given, the extinction processes were not analysed. It is worth noticing that since The War started, up to 1960's no botanical studies were carried out in study area. At the end of 20 th century some essays at the national scales began to appear (ZARZYCKI, 1986; ZARZYCKI & SZELĄG, 1992; ZARZYCKI & KAŹMIERCZAKOWA, eds., 1993 (2013) .
The aim of the present a study is to estimate species loss in the vascular plant flora of the Strzelce Opolskie town, made on the basis of a comparison between the lists of species reported up to 1945 with those species currently occurring in the study area and compare the loss of species with other cities around the World.
Study area
Strzelce Opolskie (50°30' N; 18°17' W) is a district town located in the eastern part of Opole voivodeship (9412 km²), southern Poland (Fig. 1) . It occupies an area about 31 km 2 and is inhabited by more than 18,500 people (GUS, 2012) . According to the division of Poland into physical-geographical regions (KONDRACKI, 1988) , the town is located in the Chełm Ridge, a mesoregion of the Silesian Uplands. Strzelce Opolskie originally developed from a trade village which appears to have been already mentioned in documents from the 17 th century. The name of the town derived from a Prince's shooters (strzelcy) who hunted in this area. At that time, Strzelce Opolskie was inhabited by farmers cultivating mainly hops and vines and by craftsmen and traders (SMOLEŃ, 1998) . In the second half of the 19 th century, the town became a major centre for lime and for machinery industries (SZYMANKIEWICZ, 1994) . It must be added that up to 1945 the study area was a part of Germany (Groß Strehlitz, Oppeln Kreis) and botanical studies were carried out only by local scientists, naturalists, teachers and apothecaries. Since the end of The Second World War the town is a part of The Republic of Poland.
The geological structure of the region, according to PAWLAK (1997) comprises of glacial and interglacial Quaternary sediments, Triassic limestone (Lower, Middle and Upper Triassic), dolomites and sandstones. In the soil cover of the town, rendzinas and brown soils can be distinguished. Rarely and at dispersed localities, organic -bog soils are found. The northern, forest area is covered with pseudopodsoles. Locally in clays, luvisols have developed (SPAŁEK ET AL., 2007) .
In the Strzelce Opolskie area average annual precipitation is about 680 mm and average annual temperature is +8.1°C. The climate is heavily influenced by geographical location, distribution of water-bodies, terrain and type of plant cover (SPAŁEK ET AL., 2007) . In terms of meso-and topoclimate, conditions in the study area are harsher than in the central part of Opole voivodeship. This is associated with its location on the edge of the Silesian Upland (PAWLAK, 1997) .
Within the administrative boundaries of the town, the river system has almost completely disappeared due to karst processes. There is an outflow directly into the Triassic limestone rock mass. In Strzelce Opolskie there are only anthropogenic water-bodies -the Rybaczówka Lake, ponds in the Park Miejski, reservoirs in limestone quarries and for industrial water treatment.
Materials & methods
A list of extinct, rare and endangered species was prepared on the basis of floristic papers (FIEK, 1881; SCHUBE, 1903 SCHUBE, , 1904 SCHUBE, , 1919 BRZEZAK, 1928; SCHALOW, 1932; MICHALAK, 1963 MICHALAK, , 1976 MICHALAK, , 1981a KOBIERSKI, 1974; CIACIURA & KOWAL, 1974 (2002) . The differences between threat categories of the presented species in Opole and Silesian voivodeships and the phyto-sociological spectrum of species classified into each category were prepared as histograms.
Results
During field studies carried out in 2011-2013 seasons 519 native vascular plant species and established alien plant species (antropophytes) were recorded. A spatial variation in species number within grid cells is shown in Figure 2 . In the vascular plant flora of Strzelce Opolskie 45 species have not been confirmed since 1945 (Tab. 1). Among the unconfirmed species there are 6 which are considered to be extinct, 9 critically endangered, 12 endangered, 10 vulnerable, 4 near threatened and 2 species with least concern category in the Opole voivodeship. Another 2 species were not included in the red list of plants of Opole voivodeship.
The next group includes 54 vascular plant species for which occurrence in Strzelce Opolskie has been confirmed since 1945. Among this species, 14 were not included in the red list of vascular plants of Opole voivodeship but were included in the Silesian one (Tab. 2).
In total, of the 99 species placed in the red lists of Opole and Silesian voivodeships which were recorded in Strzelce Opolskie, 45 have not been confirmed since 1945. Most of extinct and endangered species belong to families: Orchidaceae (8 species), Cyperaceae (7 species), Ranunculaceae (7 species) and Lamiaceae (6 species).
In Figure 3 the phytosociological affiliation of species belonging to particular threat categories in Opole voivodeship is given. Strongly represented are species associated with the communities of Festuco-Brometea and Querco-Fagetea classes (18 species per class). Comparison of the number of species classified into particular threat categories between Opole and Silesian voivodeships is presented in Figure 4 . The number of locally extinct species in both regions is the same. In the Opole voivodeship more species are considered critically endangered and endangered but in the Silesian voivodeship larger numbers are representative of groups of vulnerable, near threatened and least concern species. Also for further species the available data is insufficient. 
Discussion
Within the administrative boundaries of Strzelce Opolskie, 45 species, representing 7.1% of the permanently established flora were not confirmed (Tab. 1). This result is comparable with that obtained for Rybnik in another study (42 species unconfirmed after 1945, i.e. 4% of permanently established flora - URBISZ & URBISZ, 2003) . A nearly threefold larger number of species have not been confirmed in Poznań (124 unconfirmed after 1951 which is 11.6% of total flora -JACKOWIAK, 1990). This is mainly because of the larger area that this city occupies. Some interesting analyses of extinction rate in worldwide urban environments have been published (HAHS DUNCAN ET AL., 2011) . Authors indicate the number of extinct and extant species together with a length of investigations of flora of the examined cities (Tab. 3).
Among the extinct and endangered vascular plant species in Opole voivodeship, 18 species are included in the "Red List of Vascular Plants of Poland" (MIREK The extinct and endangered species of the Strzelce Opolskie vascular plant flora are most commonly associated with communities belonging to Festuco-Brometea and Querco-Fagetea (especially Cephalanthero-Fagenion suballiance) classes. In the study area these phytocoenoses have almost completely disappeared. The neglect, change and abandonment of a whole array of traditional practices is the main cause of the disappearance of calcareous grasslands. Some of them have probably been overgrown by trees and shrubs which has a dramatic effect on specific species combinations. Calcareous grasslands and beech forests of Strzelce Opolskie could have originally constituted a large complex with phytocoenoses extant within the Chełm Rigde centre, where some nature reserves have been established (e.g. Ligota Dolna -1959 , Góra św. Anny -1972 , Boże Oko -1997 , Biesiec -2001 . Forest communities, especially the so-called beech-orchid forests, have probably undergone a complete deforestation and their habitats are now occupied by pine monocultures and arable land.
In comparison with the Silesian voivodeship, in the Opole region more species are considered critically endangered and endangered but less are classified as vulnerable, near threatened or of least concern. Among the species analysed, 23 (27.7%) belong to the same threat category, 16 (19.3%) are at higher risk in the Silesian and 44 (53%) in the Opole voivodeship.
In Opole voivodeship 16 species are not included in the red list of vascular plant species, but they are listed in a similar work compiled for the neighboring Silesian voivodeship (Tab. 3.) Due to the short distance and the lack of any ecological barriers between these regions, it can be concluded with high probability that this group of species had been overlooked and some of them have not been precisely recognised in the face of taxonomic difficulties.
The number of native species and the so-called archaeophytes (i.e. naturalised alien plant species introduced before 1500) found in urban areas is clearly declining. Species considered probably extinct are only a small percentage of the spontaneous town flora. However, these are approximate values which are highly influenced by the particular impact on land use within the town area and the intensity of floristic research.
Within administrative boundaries of Strzelce Opolskie, the only Miejski Park is under the conservator's protection and there are few individual trees protected due to their age or size. Another several taxa protected by Polish Nature Conservation Act can be found. The local authorities should take a positive action in restoring native vegetation in the landscape of the town. There is need to improve management of the remaining native vegetation with emphasis on spatial management, leading to maximise proportion of native species and minimise the isolation of rare and endangered plant species populations. It is worth protecting some small populations of plants in urban areas. These populations are always destined for rapid extinction.
National environmental protection policy should not be only focused on the particular, natural types of plant communities (e.g. alpine grasslands) or groups of species (e.g. orchids). The species loss in urban areas should be examined more precisely in terms of the rate, environmental determinants and human practices leading to improvement of the biodiversity of city flora.
